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[0001] ^WfcfzwMw^mi^, 2o©h7i^^i-j:o^^y-fe^ 

* 



[0002] lk&B£<D¥&{&£&3&f&tLX\-is *9-y9W$hwf-M.<o* s e])*r J r'*?/*b > * 
^(^kftS/hMfl^EHT'fo^fcfe, DRAM<^/J^b^PS#^59l^J;9<tUTV ^ 

[0003] ^i&f'rZSCfiJU : DIGEST OF TECHNICAL PAPERS ppl52-153,"9.1 Memory Design 
Using One-Transistor Gain Cell on SOI",Takashi Ohsawa, Katsuyuki Fujita, Tomok 

1 Higashi, Yoshihisa Iwata, Takeshi Kajiyama, Yoshiaki Asao, Kazumasa Sunouchi, 2 

002 IEEE International Solid-State Circuits Conference, February 5, 2002 

[0004] ±&<D$PftNFXtBiikf8l1&\^ i^(Dhy>i>^(O^X^])±^m^ti 

[0005] #fFXlBtl : #0B 2002 -260381^^ 

0*i^S:ffl<i:V , »5IBHdS*>S. 

[0007] _Lis^rF5:i^i^^^$nfc^{$iais^gTi*, y-^-KW^ci 
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[0009] . *»Wf-«5^frBB1KK«o»iw«8«fi, tT?im^iHg$tLfcit^^y 

p 



*iffi{-§I«3#x.5^^«tt) % fltfSB«ffi*«/— h^«&«:»JfllU mt-ioTiiufS 
[0010] *»W^5¥*friaift»llOlBl©fl8«»c:J^xtf, #^&:7°ni?*;£r£^<H± 

[0011] *:»lfl^«5 2 l & #frlB1ft$5*OlB20lB«l4, il*^tftoTl6t5H© 

o-tMS-rstvh^'T^t, v^-rtbt>^2^fn] mifto-ca&GE-r*. nt^-h^y 



'A 
p 



[0012] *mm^z¥Mfetzm^w<Dm2<DMm^£fLi-£. ^v-t^T^fm^mi 
x, nm&bt£Z> 0 



[0014] [lli]^PJ^^ifecD^^i^^5^frES^go±f«#^^yo-y^(a-c 

<fo<5o 

im2mi^\^fz^vTi'^(D-&&m%&vx^-tiEi$&mx'hz> 0 

[H3]y^y ir^cofgit^^i" ir® HI XfoZ> 0 
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[H17]^— h^^n^u^u*^^N-nx^/K^JL#$-frfcB#(7)^M— Y<OtL 

So 

[Hi3]iS9K:*ftS$-e:-c, tryh7>rv^o«EffiraiEii&oflififeS:^-riHiKia-T?fc5 

o 

[Si9]iai6t^brtWT^h^/Si"5«fiHffiiHiKia""efc5. 
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[ia22]Bll6^Ufc9^>XXIl-XXIH^^ofcffijl^Hi-5»fSBfl|Jt«r^-t-|ffffiia 

[E125][1123^^LfcIC^-y^cDMit^^X^|lI(^i-p|ffffi[111?fc^o 

[12l27]ll!23{^LfcIC9 : -^^^3t^&?rXmiii(^-ri'f®l21'^foSo 
[H28]|223^L/tIC^y^Oilijfi^fe*xeiB^i-»raiia-efe5. 
[IS29]l223{!i*LfcIC^y^»it*&^Xg«t^-t-»fiEia-e*>5. 

[l331]BI30^U^fll3SoaE^S:^'f-Wfffiia"T?*>5. 
[0015] 1 ^*frE«36«,8 y^TW\ 9 -fe^rx/.n i^y=^St5,.12 a 

afri&^IMblRJi, 13 '>y=>-S, 14 SOlStR, 20, 22, 24, 58, 60, 62 ^&fc 
«B*2:«t^*S, 16, 18, 54, 56 *f—hWt<\3R, 17, 19, 55, 57 ^—hMM, 21, 2 
3a, 59, 61a 23b, 61b «ffi^»y — h\ 50 PMMJ^S 

51 N!>x^, 52 P^/K STr ^hl^— ifhTsi?** % ATr T^irxh^^ 
SN XhU— vV— K\ MC, MCH, MCL /-^E-y-fevK BL tVh^f^ RBL 
H, RBLL y^Tl^V^tVh^^, SL y— *^fV, GL ^— h^V, WL 7 — 
K5^>\ Trl,Tr2 h^v^ 0 

[0016] %n&oyffl&\. 
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TYV^yyyA^ ?uy?;< y 7 7 S, UMt?rs<y7T6 . WMmi%7 s ^U7W8 

[0017] 811^1^7^8©- fflSfcfttttiLT^-t'lIIg&ia^fcSo H)2£r# 

K9><vwu:, e'yh^-O'BL&tfy— *^vsl£<t>3^-> y^-y-fe^Mc^iHg 

[0018] BllSr#JlBLT, TFV^t^— ^2«u tf 7F>xf^- y^iJTKV*^-^3r 

[0020] AttJ*IUK3tt % ^tB^/ib^*5V^tt^!lTK^^— ^<£oTj1^£ 
[0021] THVX/^7r4, ^ny^<y775, SU t iilft^->776(4, ¥Vtt£ffitg£ft 

[0022] raiEi&iottu frc^mL^*#3A^w^3»{$tsit^sio«bft^^g^mj± 
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[0024] (H3^#BS,bT, SOlS1Sl4fi, i^V^MUll. ffifeiZ^^tfbllgJf 12, RtKi/y 

m<D7Fmms£Wtmi&22, 24, ^^^fM23a, m^t^y-K23b, y—h 
&itmi8, s^-htii^tLti^ ^^fe«^«22, 24« s ^v^m 

5o El4(C^bfc^M-'— v 5 /— KSN^tg^-r^m^f^Iy— K23bii, ^-^WF^ 
mmL23a(DT^5^m^^X\^ 0 ®#^I/— K23bli, *^SIIfei^Bil 5(C 

*/^<D7x2— ^>-^xV('J:oT, «#^ff K23b^J&£tlTl/^ 0 ^— h 
[0025] Xhl^— v'hT^^^STrtt, ffi^lf /— R23b^*— /W^ff^tl/CV ^JfcMi 

x-^"0"^fsSi-5 o 

[0026] T^ir^h^v^ATrte, NMWM^&ifcnl^O, 22, ^-t^0^Jigc21 

mi3<D±Mfahm^h^mkWkmi2<D±m^m^xff>&zthxm, ^v^mi 
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[0027] ^5(1, ¥mfotzmMm(DmttmxTttib<D?j^y^-hT*hz> 0 #t+ 

[0028] ^"0"(D*#5A^iijf^(0W) 

/t-(GND)d^/N'<l/^L'(l/ / 2VDD)tZ_h#$-ti: > ^— h^>GL£vN-^W</WV 
DD)^e>D'7I/^(GND) (^ST^-tirSo ^U-i 1 ^ /— KPN^Wl^^MVDD 

m^±CZ>m-mL%££) Uot, XhL— vV— KSN^Wl^/WVDD) 
^(GND) (dteTI-^o WjS&JUs ^hi^— >V— KSNlwTfr— J^mm^tiX^^J: 

[0029] fcVh7^BL£nT7^;HC#f}#L:fc;i^ ^—Yy-OG^u^U^V^h 

/MV-^WC_k#£-£5o tVI^-f^BL^n^^^ y — K^-Y^WL 

fris^U^</UXfoZ>tzl&, T^-ir^h^^^ATrfi^LTjo 1 ?, y— KPNf4nr>i/ 

, y— h^-f ^GL<Dmf4/& s _h#L-Ct>*hU— vV— KSN©« 

BU^m^tb^hU— vV— KSN^sfc— ^m^tlX^^^mi^— *"0") 
[0030] %:(D%k s V— Vy^yWL^^^/^b^^^M^i&T^^t^^. T?± 
[0031] (2)"?*— *"0"C3ffi*aLttf£(0R) 
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{-s£5rt5„ ^hU—^y-KSNt^-^^H^t^TV ViV *"0") t? 

[0032] T^ir^h^^^ATr^^-arfcr^t^oTy— KPNO«<itt^^H6Ti-5 

7^it5<b, 7— KPNc7)^S:fiSt>VN-rw--</Kz_h#i-5o 
[0033]'. (3)x-*"0"tf>GM#»jf£(0H) 

[0034] (4)x— ^"0"(7>y^l^^>^K]{^(ORef) 

tv^x— ^PC^'— ^(o-£i9x— ^"o")£> y^^^^^^^y-fe^MCi- 

[0035] (5)x-^"l"<7>#£}A^tM^(lW) 
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[0036] ^yh^-f^BL^u^U^U^/^u^M^^-^tcWi, tf— hJ^GL 

[0037] (6)x-^"l"<7)^^mUibf^(lR) 

[0038] (7)x-^"l"»{£J#IM^(lH) 

[0039] (8)7 ; -^"l"c7)y^L-^>^ib{^(lR e f) 



V 
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[0040] E16, 71*, *#}2^Wrt / N-*^T, h^-T^GL?rnr>i/-<7U(OV)/6^yN-rL^< 

.^^^^STrW^T'V^ (^1 3^^Lfcm#^^y — K23b , gp^xh^ — vV — K 

— v^h^V^^STrtD^^SttO. 1 At m-efe2>o ^ttOPotential (V) }±, #1H 
[0041] H6*#fiSb-C, X— ^"0"©»#ii*»f^t^*3V^{4, T^-fe^hyVv^ATr 

o ffiU tV^M^x^v'^^^o?5fe$tl€>/cit», IH6Ti*0V-ett^<0. 53V{C@ 
X&SJvCV^So r©i^, h^-T> / GL^t3r>i//</u(0V)*^^'fL/^</^(l. 2V) 

[0042] H7*#flab-c, ^-^n"^*^^^^^^-^ ry-fexh^v^ 

[0043] 08tt, ElltC^U/cir^T^9^{i^^ir>xT^y0l^cD«^^^lH]|^lIl 
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V^^ATrt^WLTV ^ Q ^V^^MCUmyj^^yby^ ^RBLHfdgiE 

[0044] ^^y-ir/UMC, MCH, MCUi, V ^Ttt^jEOSzH^SVDDCM^l^l. 2V) 

•^$;ftrCV^ 0 £/e, ^^Ut^MC, MCH, MCLii, V^K^h^v^Trl, T 
r2£r^LT, A^*j!i^uVBB(-VDD, 0»J;ttf-l. 2V) (d^^^tLXV 

fcSo h^v^Trl, Tr2« s \fyby4^BLRU])yr^> / ^yby^>'RBl.H, R 

[0045] $.tz. ^v-t^mm^ ^^iKti^nmhmwm&^mx-xm, 

Xt^>-h^^RBLLOm-f4Vbll/J^A^J$tL, {&1u<Ds<7U/lAjj iCfi, fc'Vh^^VB 
— v ; hy>'v ; x^STrU4b#VMii:®ffi^^^V^fcfe, fSMlftf-, Vblh>Vbll<!;^5 0 * 

<Db^vMi:mj±^N-ru^^fc5^^{i, vbi=vbii^&<9, i^ci, ^^yir^Mc 

u^u^U-^fo&M&fc. Vbl=Vblh<!r^So ^i!)iti|'SlH]i?gT 5 ttVblh ) VblliVbli 
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[0046] ^(Di%M(aoT, ^y-fe/HVlCtvlfalt^tbTV^x— ^^r, ir^T^7°[Hl 
[0047] ID9(i s x-^»#5A^»]^-^^5t>h^^BL^(D«ff^*P0^ (»f iA^ 

[0048] rcD^frfitj&f;!^ mffi^n^n[H]^{±, »#&^x-^WD^j£CTtVh^>'B 

[0049] IllOfi, H18^^UfcA'^mi!im'fiVBB(#iJxL{l-l. 2V) £3EJ&-r5fc#>cDrt 

, nn^LfcmMiiijf#iotD— ifp-efcs„^m^80(i, -i. 2v<Dsmm)±t, ^ 
-Y-v?^^82c^i±s^mBE (vbb) tzttmv, mta^80(D^ta^^m^ vc, 

y^^i/u-^8i^Nv^^^^ui:^-t-v ; ^^-7°82^$ij^i-5o 



14 



[0051] -<D£o\z*mi&<omi&i^&z¥mt^ffiMW:uz.&ti\-£, *hu- 

$£&<DDRAM^!&W^fo^1t**})**s<i'*$^&ktJ:Zo b£4>> *hU— i/hT^ 
[0052] -ktz, mw^^^'^t^r-r ^ ?jUE£;txTV^MOS:/ni?XKl<£oT^ 

[0053] s^m, T~-^ u r^mmvx^^iikmt^-^ i o''^mm^x^^mtx\ 

[0054] ^hl/— ^h^^^STrR^T^ir^h^^^ATr^sOIh^Vv 1 ^^ 

[0055] mifc(vftm2. 
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[0056] El 13ft, H19(^S£-£T, t^yh^-r>-BL^(D«j±Ppj]n[H]i^(Dt»^c^i-[alS§ 
El-efcSo (H9<DVBL(0. 6V)^ft;LT, VDD(l.. 2V) ^SUB£*LTV ± 

* ■ 

VDD-efcofc(D^*fb, |§114T:1±VDD-efoS^^, _hfE^ffi(Z)^flglir^^5 0 
[0058] ^(DJ:^^^:»(7)^2^^^#friE'lt^gl(^n(l, ft<D«i!f.m^iLVBB( 

[0059] ^fc, IHSfClT^bfcfisScTlih^^^Trl, Tr2r\H^— h-KW>f^CDM 



[0060] MM<DJ&m3. 

[0061] Hll5^#BSbT, P^v-y^vSteSOi^^N^^Sl^^ttTfcD, N^^ 
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52tf>_L®/^bNr>^A'5 1 (D _h®{C-£-e?lJjg-f 5STI (Shallow Trench Isolation) 53 

[0062] ^hl^-^h^v^STrii, NS!O^*fittK;»ffiige60, 62, ^^H^fifc£*66 
&ift«60, 62te, P'>3i/l'52(D±ffirt(^^^c^i'^/l/0^1i^61a^ 

% ^-¥^^^11^61 a©T^(-M^iltV^ 0 mit^ly— K61b{±, STI531C 
[0063] T?±*h7^*?ATrte,Nm(D^m^ifcWt:1&i&58, 60, ^-Y^/WT^fl$c59 

52<7)±ffirtt^^$nfc^- j r^^«59^A,-e, ^mmazwtmi&Qo^tt 

[0064] ft:Jb\ #gpC0MM^^i-^t^il9, NMv^Vg^ffl^T, ^M^-v^h 
[0065] r<DJ;9^*:^5fe0^3^^5^^f*fa'tt^gl^J:ni^, SOIg^TWK^ 

[0066] MMtDJ&BA. 
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Ti}blcttfcirZ>mffi\BlV&mX*fo% 0 £b\z s HI20, 21, 22^, ^^121 16 (C^L 

fc^o-xx-xx, xxi-xxi, xxii-xxii^fto^ig('Mi-5®f3D«jt^^i-|ftffi 

[0067] miszmmvx, m^mmmRRxim^mmmARn, ^^-rtihmi^^ 
r^xm^xm^tix^^ B ifMiw^i, 1221, 22^&titzmi- 

[0068] miy^BBur, y— k^^wl, ^'-h^vGu ,s.u*y— x^tvsu±, ^-f 
tihmttfa[z.m^xmfe\^xff>$L£tixx^ 0 ^2^-[6]i±, iSi^Mie^;^] 

v^ 0 y-x^ysui, ^Sia^tSjg^fcft^^iSMiLTjfM^^-c^^, a 

Eisifcb-c^^sixTist), ^fth^ycpi&frvxm^B&mi&ARizmmts 

[0070] fcVhy-lVBU^oT, liak^^y-fe^MC (MCa~MCf) J&SEtt$j»VCV ^ 0 

7c, ^l^f^^-^o-C2v^^^Si-52o(Dy^y^r;^MC^c:j;oT, l*oy-77-f 
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WL, ^— hy^GU RXfy—^y^SU^ m2jj\*UzM&^m<D^V±JisMC 
[0071] HU9£#{$L-C ±IB#^j(ifeOff^l~3^|Rl^^ ^y-ir/UMCfi^hu— v^h 

3b<5 0 

[0072] |2]20&#f$LT, SOl3£tSl4fi, ^^^$£11, SJ&i£^S&ffcffi!Bl2, 

M(7)^FM#)teM^22, 24, ^*/Wgfift«i*23a % MfflHly— K23b, 
^fbMl8, Rtf, 12116, I7^^b^— h7>fi^GUCffiSi-5y— h«flH9Sr^TL 
TV^So ^Mt>S£ife^i&22, 24[±, v/y^>-ei30±®^^S*^^^Sl2 

roiii'ciLti^^nrts^ v-y = 1 3 <n_tm?% \zm^tit^^^/^m 

m%L23a%&AsX\ 11 V ^atftLTV ^„ h^Ml8te^^WF^«23a 

fly— K23bWu ^t^««3a(DT*t-M$tlT^5o 
[0073] T^ir^^v^ATrtt, N^^Jfe&fjtfil^O, 22, f-^/^&m^l . 
> MWbBtl6, Rt* 12116, 17K^Ut!7— K^'jVWUCfB ^ hti 

)112^)±ffi^jibTff^$^T#5'9 > ^U^^)il3^)_b®rti^^:$ix^-r^ 
[0074] -y— h«fiil7, 19©TO^«,i|!MS^»^5^K^— f-lO4^ff0 



19 

[0075] mm$Mmio5puz^ ^v^-^mioo\zmm^titi^^^b^^io6t s iyv 

^^h^^cP2('ia^i-s 0 ^mwMiomi, [2)16, i7(^Lfcy— x^^su^ 

?FM$tiTv^ 0 ^^k7Wi06, m&O^JiSllfliosti, HH6^byc^^ 

[0077] 021, 22^#BSbT>^^>57/l-h^f-iy(Z)*^-^-R|*6^^15^, i^V^M 
[0078] Hl23«, ^^fr^y^o^^[Hl^<h^U^-y^UT^^tLfeIC^^^°120C0 

^ T^n^[lI^^^^^T^n2^[l]^^l23t, p ^^IHK^dcSttfcn 

yKl25*S3feA^T?J^^$tl/TV^ 0 
[0079] ^y*/VTW«*121tt, flfl*.^ ®l£^Lfc¥*ffcSSt&gsBlfClti Si" 5. 

26, fiilJIipiH]^ ^UTU-T8, Rt/m^tfilg&lO^M^tLTV^ 
[0080] '|324tt, (2123(^bfc^yir^TWWl21^KbT, 64kb©£*TWa> 



V^o ^iJ^f^(^o-C@^i-5-^ftl024^:(DtVhy^^BL0~BL1023^ > 

©37i>tl/^l 3 1 (dfi4^:(Dlf yh^^*^BL^^^^tbT*3 U s 37 Air 131 

f^bfcy^yl^Xt-Vhy-f^RBLH, RBLUdfH ^-f-Sy^T^^tfVh^MVRB 
LI, RBLOi, aSfC^Lfc^Vv^Trl, Tr2*Sj^J^$tl.^7— ^y-fe^Hi** 

[0081] 025~3Ote, EI23^^LfcIC^^^ B 120(75Mit*"fe^Xmilll(w^:i-|iT®!ll-efc 

s 0 m25~30Tii, B22^*tjc&i-5^ i ty-fe^T^>rfli*©flijfii:, mm\m$&mt$, 

*y7W8Hffi^t5. r«5fl|Hll&««jtt, |2|23^ULSRAMfii*j&122, 
T^-o^(hII^M^123, ,RtJ t n^y^lHlK^*i6l24©»i*\ [H23^Lfc^-y-feyl- 

[0082] m25£#HBUC, £i\ «*PO^^^(ffiRWt-J:oT, SOI»£14<DH52[h] 

#st f&ftigi 40te , a»a^iMbBlJl 1 2<75 5Si-5^^Jte< vy 1 30 

[0083] (2126^#BSUT, ¥*8Sy&$£l-<fcoTj5fT^Hfl P/^-^^-r^^h^ 

v ? ^M4i^>y=i^i3±(^^bfcm> y^titif©Ni»^tya 

[0084] [U27^#HSLT, ¥ItRJRifefc.«koTBT3£©M P^^-^Sr^ri"57^-hU' 
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[0085] g|28*#H8L-C, &l-> «^&^J:oT<> i -h^«145 J 18S^fife-r 5 0 ftfc 

[0086] |329Sr#H8L.-C, fcfc, ^IKIiSR^yitAIHiot, N!7^H42ft£ 

P^H44rt^NSO^#B*42:lf[SliSl47S^^-f-5 0 El29^^tb^VN^ 
, ^F«»lttfe««147«r^fifci-5iei, t;i^7 Wf «rt W 

20, 22, 243&S^-TJ^fife$tb5(ia20^fia). 
[0087] H130^#BS.L-C, S^y=>^tsBld^^5'>y^>rK^i37-^'>3^BISr^St 

. MSrfflV^r^y^K-fk-rSwttcj;?), ->yiMKJil49, 150, 10lS^^i"5 o 03 

0fa4*twteV^S % '>y^KSl49, 150, ioi%Bj&-tz>m. ^v-t^T^mM 
rttai^yiM'KEioo, 102, i03&tiW:xi&f$,£in?>(m20&m)o 

[0088] g|25~30*»e>We>*»JS:«];5»v> *MM<Dftm4{zmZ>lC^y7°120l±^ mWzf* 

±mmm<Dmmi^mz¥m$t£WMm:ik. m25-3otmm(Dy p u^^z^x 

xh, m,m£nx\,^Mos^u^^£^xm&T-%^kti^mxfoz> 0 
[oo89] U3i{±, m30^Ltzmm^Km*^T-m&mxhz> o mmmmnm^n 

NV^jU142tf&!&£tlX&b-f, P«>=.^144O**S^J*$tLTV^ 0 Hl30{3 
*jcl47Sr^ri-5NMOSdSj|^fife$tbXV ^ D 
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[0090] B 16-18 fc^Ufc«fc5K.* *W&<^tifc\z&z¥mPHBte&U-?ti* m^-Mm 

[0091] t^oT v [gl3(^bfc«jti;J:kfe-r5i:, ^l^^^P^-r^^ir^MC^^* 

•So 

[0092] £7c, H12, 3^#1L-C, ^l^l^^P^-f a^y-fe^MC^(-*^^flfei^m 

l^^^^c«i-5^]J^r/^MC^^-m^^il^«l5^^$i^rv^^v^fc 

[0093] £fc, [330, 31{^bfcJ:9{-, ^y-t^Tl-^^^^^hl-^iyo*^ 

ox, y^wnt^rnzm^tL^h<Dxn^\ m^tix^^^mM^mm^K 
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[i] ffWmtt*ZMtM&<n**V'tMMC) 

Tm2V>*ntoftW&&& (24) WltZm 1 <^^Wfcfifc«*6 (23a) <D 
&&fafc3Rloy— MIS(19)^ ffJfB^l^-t^ffM«(23a)OT^(-^ 
^^tLfeffi^S(y-K(23b) £$ra t^h^-i^^** (STr) 

iiufE^h^-^h^v^ (STr) f^|tt?UtJ:g!gE$ix % mlS5^l(D^FM^K:m«( 

22) »2©^^l^J*««(21)^^WIB|5l©^««^lfeffi«(22) 

^fai-5£3<D**B&&ife1^(20)i: % Hufe^2(D^-r^jf^tI^(2i) <d±^ 

t^lfcSftfclffc©^— MWfi(17) kfrS&T^Xh^Vx? (ATr) 

t£«W£#6(20) (itfjf5tVh^^(BL) (d, HUfa^l<D^-h*^(l9) fiH&te^— h 
^^(GL)ld, B&E»2©y— h«*Kl7){iHufB!7-K7-r>'(WL){C > ^bfh^fhfe 

itftSaT^i^h^/^^CATr)^^ 

22)(Dm^—^mitLXiiy^—^^>'^M^mw±^t^x^, mmnffiw 

K (23b) <0«4fc«rfc|»U j t*U-«fco-CiiulB*H — ^h^v^* (STr) <DL 
[2] ftlfaT^irxh^^x^CATO^V^iirfc^^T-MIS^lO^— hmft(19) <D 
* (STr) (DHtilSL^VMttSffi^V^U^K^^n, 
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[3] 



[4] 



[5] 
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